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(54) FORMATION OF CANTILEVER HAVING PROBE 

(57)Abstract: 

PURPOSE: To keep resonance frequency high and to 
enhance production yield by forming a probe pattern on 
an, SOT substrate at a predetermined position and 
forming a catilever pattern as a silicon oxide film and 
removing the Si membrane of a non-oxidized part. 
CONSTITUTION: An Si substrate 1 and an SOI 
substrate consisting of an insulating layer 2 composed of 
a silicon oxide film and an Si membrane 6 are used and, 
at first, a mask layer 1 1 is formed on the membrane 6 
and, thereafter, a conical body 12 becoming a probe 
pattern is formed and further formed into a sacrifice layer 
pattern 7 by a semiconductor photolighography process. 
This pattern 7 is oxidized to form an oxide film 8 
becoming a cantilever 3 and a taking-out electrode 5 is 
formed thereon by an electron beam vapor deposition method. Next, an oxide film 8 is 
patterned to form a cantilever pattern 3a and the pattern 7 is subjected to plasma etching to 
form a gap 9. The cavitation of a probe realizes low mass and resonance frequency can be 
enhanced and the yield at the time of the removal of a sacrifice layer can be enhanced. 
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ntdcSSO lS«£#v». 4>fc<£fcTiB© (a) * 

±zt (b) roigsffoT. ^icKfc^nrt^^gg^ 
©s i mmzmn-rz, &tttt?z>ii>i-vn-<im 

(a) s imm&m&&<tbTi'')=i>mimtLTi} 

(b) ^0>ttBlC»SW*->£Ji^T-5Ig ifl 

ta*^2] (b) iicgi: (a) iMznomut 
«ifa«©#$£. 

[g?#3i3] (a) Ig©&»c (b) Ig£fr3»# 

[«*«4] (b) lg#. a^UA-A^-xt 

£&»Lfc&»CVX*JI£&£T*IgT&3||#3i3 
IB*©^. 

[»JR«5] rt^Wt-A^-^jS&fc. KA:? 

tc a* -= yift sig&fr 5 i & v> u 4 o^r 

[S*B6] SIIW»Sft. ^SXVXy^jffc 
<fct>Tfr5 1 fc v» L 5 Wftlfr 1 iCgEIS©^ 

ft. 

© 5 5 pit < t fe 1 "3 £±J5K# S #X Ci Tff 5 
SMm6§2«©£«s. 

[Mm 8 ] soi s i mm\z y?>vt,9 
*^^*nfct>©T»-5Bi*JSi^^L/7©u-rnAu 50 
JBicse©*ft. 

mmm 9 ] soi auR«t, mtmzGT zm-o s 

I ^xAtJS-©S 1 ^xASflD&LTifr&U -e©2 

r>©«>xA©v»-rti*»-**»8ft:bT#&n& i b©-p 
1 i/ 8 ©^-rn*» 1 mzmmojjm. 

[5gW©P»lfclK9I] 
[0 00 1] 

IRi&fflViTf^K-rs^^P/t-. tllcSTM (Scanni 
og Tunneling Microscope) , AFM (Atomic Tunnel in 40 
g Microscope) S^OV'fi'DXa-^f AtLT 
ffl H 5*fflfl:*t nJIEfc&Sf **t 5 * >5^ UA-©f£S 

[0 0 0 2] 

H**©ftffi] ifi¥. *£©*!»«»*#?■*«*«« 

K. ¥*#&8l!I]?SJBfi£i3tfli (¥JS#7*r-'J7:7:7 7 

±icffi»©/M!Tf^Ksstt©ias^^/h^«{ag? I a$fp 



ft§§¥7-3 3 3 2 3 2 
SC*iift:lClt^T!aj^;Se*t«8^T#-5. S i 

[0 0 0 3] irnSroftaiCkO. STM, AFM&i' 

©h>*;i^8S. 7r>-r^- a*, ft 

«M*t*©*>5 1 Wt-©ittW*t^$tl. «-*)&tl3e*<TT 
^©lWtLT, U. T. Dnerige.ld.fcDg 
&$Wt&®3-=.y hlC*tt**>^Wt- ("Direct 
access storage unit using tunneling current techoi 
ques", U.S. Patent Number 4,831,614) jftifc*. 

[0 0 0 4] Z.<T)&5t3.t»Wrt-\t, Wx.m. E. 
Petersenlc J; ^"Dynamic Micromecbanics Silicon:Tecb 
niques and Devices" (IEEE Trans. El. Dev., Vol. ED 
25, No. 10, 1978, ppl241-1250) ££«©#& K<fcoT 
ttKSn*. ^©^fi^fttt, S 1««±(C->U3>K 

u \z ± *s#&x y ^ > tf\z*. o * >?■ v a 

-A^->©TSBSI**-rs. ^©atHMrcav^u 
A-ttS iS<S±©h5>^X*i£fmfcTS£ 1 !:t>Bj 
(W. D. Pohl, "Distance-controlled tunnel! 
og transducer", U.S. Patent Number 5,043,577) . 

[00053 z\n&oti'mt¥tz*y=f-vn-\z-m.z 

ttliiS (image tracking speed) &±tf t*fC#S 

itfet. suesi^e>^-r5tg»uc < fc5yi'x&* 

[0 0 0 6] •€•©£»!;:». S«r#^*>^UA*-©A 

*jg&£±tfs<2:<h *>!;:. a?§f*«fcr;*>^WN , -©s 
wzymmaM* ->U3>aflas. *jsasi^t.fc 

[0007] 

S^±tfS r tidt-ct, ifett*H1$W4, 831, 614-^^ 
IH§(;:^2ftfc<fc5fc£ft£3l*S®Slct;i. 

•5. ?EoT. A^»©|8^tt0. 0 1~10 0N/m 

es© iM t-r s i t u »>. 

[0 0 0 8] {fot, 8frfc«fcr«J >^W\'-©Hfi$ 
/h$<-TS. -r^t)-&M/hi6^fi®a©«»icioT® 

^■rs c t r^ai^S45<fct^aia«*i*]±^-t!--5*j£ 

[0 0 0 9] «UlSSS;ii5«)Sfc». »Sttt;!j>^W 1 C 
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(3) 

3 

mm £8ofc©©#gW&&f.teETF©5£ (I) 
"T^fcStl* (K. E. Petersen, IEEE Trans. El. De * 

f i= (3E 1/ (M+0. 2 3m) 
5£f. EIIW>fWt-(!)KI2* ; E-/>l>, Mli 

[0011] 5t (I) i5. ftSffl&StiRSKOHSIC 

[0012] *©±5&fc#*8;t-r#>? 1 w\'-©^ w 

fifc^StUT, T. R. Albrechtfc (Method of forming 
microfabricated cantilever stylus with integrated 
pyramidal tip", U.S. Patent Number 5,221.415) let 

[0 0 13] L^Ufc**?., H©:*H4$fF5,221.415^ 
©S .1 . A 1 . Tl, Nl?, SfcttjUBUCfcUT©* 

aicigi^ns. 

[0014] St, ffim&sErnm&mt&s 0 o-ck 

±T*0, ^*©M*lC«fc-5Sfi©ffiaS:lHl®-r-5fc 
oTV>5/H l/'yi?Xf7X ; iSra«#7740 Corningfc 

[0015] 5etc, ffiffi^sicT^xtsstttm 50 

5 0 0 AKTKJfM., ¥*&fcS«¥B^±£&£-r-S& 
[0 0 16] 3 SIC, «ffitt#>^WN'-£^£U£& 

mz%s\z&mtimi%miiz zmmz c tw-zz 

[0 0 17] #H#fR831,614^BJ!iI£»;:|2«©#fc 40 
t?tt, «tf##©*>5 1 WN- 1 l:h7>^X^£S IS 
ffi©ff-B±ir«8lUTV^. 7 *MJ 

v y v 7 w t* n-bx \z o jg&s ns h ? > it* * 
rss isffiT«, s isfirB±trsft;B. eraies 

n. •€-ne©S©±»*liSfiS(^LT3~5iumg 
Si* 5. ae-pT, C©*S1$fr4,83l,6l4^^aBSlC 

8Mfc(Cfcirr*fc®t::fl?Sf©i«£ <h LT'>fc< ifc 5 tf 
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4 

*v.. Vol. ED25, No. 10, 1978, p.l247#!S) . 
[0 0 10] 
[ftl] 

) • s /2/7T • • • (I) 

[0018] seic. m>%mw{h&z.um&ttrz 

««©K0. fce>tflC*>^W\-£Jg£Ufc£«©E 

[0 0 19] fllAtf, R«^©^«r*^>^Xx>lC«t 
OS/imMtit, 88t©BSa<;*J>?W\'-©RS 

£±bs. m&$:&<?5\zm\ (i) ©#gras 

SttffiTTSiltift*. -€■©&©. mallei: Oh 7 

s^itmaiss^s-r z. t \ztzz>. 

[0 0 2 0] *H#HF4,831,614^BjfflS-t«. 

rtr«HtK:J:D, *>?W^-©g^*flSttA<^ 

> t/-e\t* w\*-©<t 5 ttffiR*i£ft»£&i=s 
(sticking) *»-f<. £g#Sr)©flrF£Ja<. 

[0021] z.<D£otemm&\zm*T. 

(1) <ftMnAfiAiKft«»<fto. (2) S1SS± 

\zBfcLtzh7>i?x?m<Dm%®&t%mfc&nim 
(3) *g^®o©its^s#f^-r-5*>^PA- 

[0 0 2 2] 

[ss*«ft-rsfcj«)©^a] ±iB©iW£^-r-5fc 

©It, S i *ttft*»6j«*^xA±JC»<klS 

Snx*£-5SO Ig«£fflt\ 4>&<i:t>Tf2© (a) 

*«ttf (b) ©xssffoT. wzmtznT^ts.^® 
#©s i sig^^s-rs^^-rs^v^WN--©® 

[0 0 2 3] (a) S liiK^BD*KlbL/TvU3>K 

(b) ^©ftgtca^/t^-^&mrsis 
#fS9ni. s o i s«tc45it?. s i l. 
s i mm*m.ft.Ltzmkm**>?-vn-n9->th 

Ti^5:il:j;oT, S lSffi^)gjffibfe¥#fl^a 
®B©JlJ?.EU©i«£K, S 1 »K©«ttHJP*CJ: 

<k0. «$f©S53S<S<T#. &Sr©gfil;:«fc-5#fiffi 

A-»4S 1 iWHt-r^Z\t\ZJ:K)m^nfz-y*)zi>m 

K^tSiSSlC^CSKiS* (intrinsic stress) 

[0 0 2 4] SOlSStt, $1®S i$£SA^%$ 
■7xA±»cKflsK£:frLT«S-&l,fc3i2©S i *JSS^ 



5 

Sll ©S i Vx/\\Zh7>~?Z?WBfS.2nT 

[0 0 2 5] S#M3«fctf*>? 1 WV-£JBj£-r3Ig 
fit S i»lg©-S5£IS?s*Lfc«fi:, S IWgfcl&totJ 

Kic 7 * h u v ifv y 4 -f n-fex c«t o Sft^e fc* 

fit *>?Urt-M->±tzz\i>h (Spindt) str 
iOS^^nfc^S (C. A. Spindt et ai. "Physical 
properties of thin film field emission cathode Tit 
h molybdenum cones", J. Appl. Phys., 47. 1976, pp5 
248-5263) &JH»TfHt-*-«. dnfit&^U/Wt* 
->±lc8$BBi£^£-r*Ji£J8j£U t<t>\Z*<)7 

tm-e*ntf&<. «A(fAu. ptWA^ens. 

[0 0 2 6] <i©8g»&^-r-5*i£tUTttv s iM 
Bg±iCgg$rA-*->£*J£U *e^*'J^A*S»t 
(KOH) , *Kfbxh7^^7> : ex^A*gfflt 
(TMAH) ^fW7JU*U*«{«tw«l:oTX-;^>y 

S 1 SK©-8B£l$3cU&&fi:. Sfll>'U3>SftKS 

[0 0 2 7] &mz&r> h>^«sS£ttril-r5«^C 
fit *>5 1 V'A-±K:»®ft»KSr*SKU A"*-X> 

>/-rzz£\z±t), mmmmtBtfi-rz. se.fi:. 

[0 0 2 8] Si SSK&lifcSI-SIgfit ±ElgtCj; 
0 »j£ LfcRfl* «fctf * UA--T6&©aM4Jl <bfcS 
S i»K€rXy^>^*-r-5IgrftS. 7x-yr-X 

yf-ytrm, s i &mnmzxy^>ifr^^y^> 

\Zft *. U 1>X 9 f-yV-Hmt H 7f X y ?>9-Q3b 0 . 
-7x5/ KXy5 1 >ii r C<fc<5«!tt)B»*<OIS»CKSi:*.5 
®rjtf£ (sticking) SEIST* 

[0 0 2 9] EfcttflXiLTfit C F< . SF., NF 
>. CC1«. CC liFifc£©#X£ffl^T7*5Xvx 
•y^>^ICT»4*ff5. ftK. SFe, NFittS^fcK 



(4) #Bl 3 F7-3 3 3 232 

5 

tS 1 <h©X95 1 >yS«tt*tS<. £1tJLy?>if& 

[0 0 3 0] SO Ig&lCfcfit-SS liM 

«ttB£U S l»KS8ftUfcSfl2S (*>^Wt- 
l\9-» &*>?Vrt-thTm**Z.t\Z&*). S 

i SI8lC«&Lfc#*«^@BI8©@J3*£U:fflK3 

[z-ti> : ?urt-&mf&-rz>ztiA'nmtt3iZ>. cnci 

9. &8r©ilS 3 »«f©Sfifir«t5*S«S 
»©ffiT£ JfllAS C t a*»JfE fcfc*. 
itf [003 i] ij>^un-\ts i SKATf-sct 

<-ct. ^mmitE<j>nm\z^^m\ytc^y^vn 

-ICit^TSKmaSfC^CSJf^ (intrinsic st 
ress) *»'>fc<. *>5 1 W\'-©KD^SS?a^'b©i: 

[0 0 3 2] *>?Wt-fiiSOIS«©S i 

UA-©^JStl68®t©rairg?^#iiifii&<. -# 

a? £0 0 3 3] 6U©J:5fi:, *8W©#ttTfct S 1# 

a>5j£SS l»B*<M$nTft5SO I Sfii&ffl^ 

WES iSKSr^s-rscttcfcoa^wt-s^ 

[0 0 3 4] ftoT, ^IBS^LTfl^Wt-SS 1 

<*^ffllalf5©i8ffl{b*^iit&5. 
[0 0 3 5] SSIC. S i8KS«ltatbTffl^ ^> 

?U/t-©Sr)##&HI®-r5 d 
[0036] 

&mm *^w©«»^-r^*>5 i PA--© 

40 [0 0 3 7] (HJS09 1)01 tt*3S9l©£§r£;rf ■& 

*>9 L WN*-©^^ft©i«*^-rxe0T*o» s 

[0 0 3 8] a2l:tl>T, mSi££. 2ttSi» 
3ttS<fcR*»6^-5*>?Wt-> 4fiifim, SteWLQ 

mi/@ST<b«. iews2»sois«©fe«fi^&j£ 
d. *>fwt-aso i £«©s i n&zmkfcVT 
&tiu,itm<tm&*>f&.zitmz, *>?wt-3©3a§ 
so attests 2 t©[Biic»^iitatt&< < -ftflssn^K 
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[0039] hise^t. m2\z^ttty^vn-<r) 

J8fi£¥JH£Bl9i-r.5 (gI10SHB02©A-A8l?®tC 
tH>T©t>©"C»*) . 

[0 0 4 0] C©A>^Wt-#JfcrSfcJflt><5SOI 
SStt. SiSfil, -> 'J n >BSftK«fc 0 J3cSfS6@ 2 
*i<fctfS i»K6«fc!3j£S (01 (A) ) . 

[0 0 4 1] dfflSO iSffiOS i»K6±CSm«« 
f*fc»cDS I ©P]«g#£Jgj£Lfc (HI (B) 43«ktf 

(C) ) . S i Pim#<D&l$.\t. 0. WolterS ("Micron 
achined Silicon sensors for scanning force microsc 
opy". I. Vac. Sci. Techno!. B, Vol. 9, 1991, ppl35 
4-1357) ICEfSSnT^S I *6^SSfir#^ffi»C 
fpCTfrofc. Ctie, (1 0 0) ffifflS i*K6±IC 
(SJEECVDfc (LPCVD) *fe^^T'>'J 3 
SJ&fcU h'jy^7 7^^D-feXSfflV>T 

/X*->^JdiU HI (B) icjfif ->'J:3.>S{tKa>£ 
fifc*TX9@ 1 1 SJgfSU&a. 3 0 XKOH*j8«lC 
.fcOHl (C) 0&&A?->tf3iZPim»l 

[0 0 4 2] klC Rg#£JgjSbfcS 1 
7* h 'J Vt/?74 ^D-feXlC«fc0/^-r:>^UT« 
tt®/^->7S^L.fc (HI (D) ) . 

[0 0 4 3] Jfcfc. Kft^T. K**fc«K* • *Sftfc 
^©StflSflXlCkoT. i(ES«©«ttl/t : J'->7* 

/Ur-» (HI (E) ) . cniCiD, £ 

nag 8 \tmm 2 taKu&st tx^^nfc. 

[0044] c a&tom 8 ±lCH2jS«fc©-8T<& 5 
TC r 5 0 nmtP t 1 0 0 nm£j£&U 7*MJ V 
Zm&L1Z (HI (F) ) . 

[0 0 4 5] ■?•©&> Sfl2tt8«7*h'JVi'77^7 r 
D-trXICT/'^-Xi'^LT, A>fWHW->3 
aZMftLL (HI (G) ) , ^TSF ( »X«fflUft 
^XTXy^^^iCfcOS ia>5&S«MtgA*-> 
7£F7l'Xy5 i >^LT$lii9&«f£Ufc (HI 

(H) ) . 

[0 0 4 6] EUOIglCkoT, ®2<Di'i)3>m{t 

m& e^-5aiifs*bfc* wt- 3 ssasi-fc. 

[0 0 4 7] CCDrt^WN-OSirfflJfl-tt, KfcK± 
CCrtP t*t«@$txr*0, SSrrtgm^t&o 

tut. fiafi^s^nr^o. ft?T&mmtii&t>< 

[0 0 4 8] *^!SWlC*^Ttt. KfcSftfc** 
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ofcS i»R©l»£«F7^X?^>yic.fcoTfToT 

[0 0 4 9] (JIIS092) H3, 4:fc«fctf5tt. *-©J@ 
J?T*B9!©8ft£*rs*>^W1-©S*i£frj!fe©grj 

©W£Sf:ijgH-e*-5. 

[0 0 5 0] H6ttiE-©X8t«fcoTfPSIUfegm£W 

■r s u & jss s t m 7 n- 7©&«h 

10 T&S. 

[0051] aet^t, 2iasiM, 2211s 
o 1 mmztevztm®. 2 3 as 1 nm&mftvMfH. 

Lfci'U3>8ifcl!I.k0j£<5ffigJf. 2 4ttxe>hS 
»Cj:oT^Sn&;£ftS/flUTft3lL£S«r, 2 5tt 
iS#r2 4fc«£f*iSa$iS (*B*) ©WKAC-SF 

>*;pm«isiioai-r5toabSffi. 3 0tt«»2 4t 

&8©mH*fflSrfSft©lC#>*W^±fcHM*Lfc 

[0 0 5 2] S 1»S2 l£:SSraS3 0©mt:B»« 
a? 2S4 l»c«kO€£E€:WllD-rSJltlc<tO. 

£#S;*jl::«k?Tg<&<*-a-*. H6K«H*LTV>fc^ 
a*, s is«±c«mos h7>i>x*a<j§jf£anTt> 

S (H4*«kt;5lwH*) . 

[0 0 5 3] BIT. MOS h^^X^JB&yn-feX 
&£©T. B3. 4fc«fctf5*fflV>T. gif-fctfT** 
^Wf-©*^*^. B3. 4te£tf5+ 
©&B ( (A) ~ (N) ) tt. H6©B-BSliffit^^ 
T©fc©Ti&S. 

[0 0 5 4] £©«-&. SOlSfi£LT«. SfctfX 

ffist® 2 2 swf s s i mm. 2 1 1 2 1 a seft^xs 

B»«f -eKfl:^TllD^LTiSttft^-r 5 C t fcj: o T# 
fct>©£fflV>fc (H3 (A) ) . il©|R. n-MOS* 
S lifittpSfiASffll*. *&i»J§2 
2©RJ?tt5 0 0nmfcUfc. 
[0 0 5 5] C©«t3fctT#e.nfcSOISffi©S 1 
SK2 1 a&H©±SA>6$f£U K^2 wm©S 119 
«2 6ft»*Ufc (H3 (B) ) . 

[0056] s inm&ythvvifyyjfu 

40 -feXS:fflV>T/^-x>^U H3 (C) 

[0 0 5 7] ^tZ. *Oimmnj>->tttZ&WL*: 
K^x&fflv>TKfl:bT. Kfl;K2 8*^b& (H 
3 (D) ) . «ttSA*->±T©8fl;IB©#*tt0. 

fl.©6S#©S 1SS2 l±©KftKtt. K<kt«fc0J¥S 
UmtftO, MOS-e©7.<-;PFKfc&4 2tLT 

[0 0 5 8]^1C, n-MOS£S 1S«2 l±IC®rit 
55 Lfc. -T&t)^. H3 (E) izmhtcHoiz. yj-)V 
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